Rationale: The patellar fractures are common in adults, but rare in children. As a particular type of patellar fracture, however, sleeve fractures are almost always limited to children in the under 16's group.
Introduction
Sleeve fractures are rare and a common type of patellar fracture affecting in children under 16 years. [1] The reasons can be explained that the immature osteochondral junction in child is more vulnerable to injury than the enthesis of the fully ossified adult patella, which leads to a sleeve of avulsion pulled off the main bony patella, usually from the lower pole. However, sleeve fractures of the superior patella pole are uncommon, and a few reported cases are mostly involved the early adolescents. [2] In adults, sleeve fractures are extremely rare form of patellar fracture. Up to now, to the best of our knowledge, only 3 cases involving the male adults were reported in the English literatures, including 2 healthy men and 1 patient with osteogenesis imperfect. [3] [4] [5] For the first time, we present an extremely rare case of a sleeve fracture of the superior patellar pole in a healthy woman. As an untreated case may lead to permanent disabilities, the literature review of sleeve fracture is vital for unfamiliar physician to make prompt diagnosis and clinical managements.
Case report
A 19-year-old woman was transferred to our hospital because of traumatic injury at the superior pole of the patella with history of a fall by jumping. The initial clinical complaint is a sudden severe pain with the incapacity of walking afterwards. Physical examination showed reduced active movements of her left knee, swelling, and joint effusion. Plain x-rays showed patella baja and an avulsed fragment of the superior pole of the patella (Fig. 1) . Computed tomography (CT) scan revealed a shell of bone lying proximally to the patella on multiplanar reconstruction ( Fig. 2A) and shaded surface display images (Fig. 2B) . Clinically, disruption of the extensor mechanism was suspected. Magnetic resonance imaging (MRI) has been performed to determine the diagnosis of rupture of the quadriceps tendon and the cartilaginous injury (Fig. 3) . Under general anesthesia, she underwent open surgical procedures for reconstituting anatomically the fracture and repairing the rupture of the quadriceps tendon. All the abovementioned imaging findings were confirmed during surgical procedures. Intraoperatively, a bony fragment with a piece of articular cartilage was found above the patella, proximal quadriceps tendon was seen attached the bone pieces, and a same size bone cortical defects were seen on patella. Based on the postulation that the bony fragment pulled off the upper pole of the patella, the diagnosis of sleeve fracture of the upper pole of the Editor: Giovanni Tarantino.
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patella was finally reached. Then, complete removal of the blood clot and tissue debris in the joint cavity and around the broken ends of the quadriceps tendon was performed. Joint capsule and quadriceps tendon were sutured, patella fracture piece was reset and pulled down to the front, and wire fixation was applied. After surgery a gypsum fixed knee joint in the extension position was chosen for therapy. Postoperative x-ray report showed patellar position and shape of normal, fixed well. After surgery with gypsum, fixed knee joint in the extension position and weightbearing was permitted with a crutch. Rehabilitation plan include instructing the patient postoperative quadriceps training, cast fixed knee joint after 4 weeks of continuous passive activity (CPM), and CPM functional exercise for 2 weeks. At the 6-month follow-up, the patient reported a knee free of swelling, normal appearance, and the recovered capacity of straight, normal, flexion 120 degrees, and free walking.
Because this report just reviewed previous data and did not involve any human trials, there is no need to conduct special ethic review, and the ethical approval is not necessary. Written informed consent was obtained from the patient for the publication of this case report and its accompanying images.
Discussion
Sleeve fractures of the patella in children as a term was first described by Houghton et al. [6] In 1979, which was determined as a sleeve of cartilage pulled off the main bony patella. Because of rapid quadriceps contraction against resistance in trauma, a small avulsion was often taken from the distal pole of the patella. Similar to adults, patella fractures make up 1% of all fractures in children. However, sleeve fractures are almost unique to children, and make up 57% of all patella fractures under 16 years group. Age-range predominance of this injury is probably explained that the more flexible ligaments, hyaline cartilage, and joint capsule in children result in greater joint laxity for protecting the patella from traumatic events. Thus, avulse cartilage or bone is frequently found rather than rupture the tendon. [1, 2] Sleeve fractures of the patella in children usually occur in the inferior pole of the patella, very rarely in the superior pole. However, sleeve fractures of the patella mainly affect the superior pole in adults, with a predilection for men (3 males, 1 female), aged 19 to 30 years (Table 1) . [3] [4] [5] Compared with the immature and vulnerable osteochondral junction in children, the enthesis of a fully ossified patella in adults is more resistant to tensile force injury, so the patellar sleeve fractures in adults are extremely rare. [7] Ten years ago, Kakazu et al [5] showed that the superior pole patellar sleeve avulsions occurred in a 30-year-old man with osteogenesis imperfect. Except for such weakened skeleton, only 2 cases of sleeve fractures in healthy adult men have been reported in the English literatures. [3, 4] The current case is of interest because of such a rare form of injury occurred in healthy adult woman that has not yet been reported in the literature.
Clinically, treatment options including conservative and surgical treatment depends on the severity of bone displacement and the extensor mechanism of the knee. [3] [4] [5] Sleeve fractures predominantly involve the cartilaginous portion of the patella in children. Conventional radiography occasionally underestimated the severity of the avulsion fracture. Diagnosis may be missed or delayed due to clinical unfamiliarity and on the x-ray findings that may look normal if there is no a high index of suspicion. MR imaging is helpful for assessing the need for surgery because of comprehensively demonstrating the extent of cartilaginous injury, joint involvement, and rupture of the quadriceps tendon. Because the osteogenic tissue in the sleeve are potentially enlarging the patella, an untreated case may lead to complications including patella magna, extensor lag, and quadriceps muscle atrophy, even permanent disabilities. [1, 2, 7] For full function recovery, the sleeve fracture should be promptly and properly treated with internal fixation or immobilization. When the sleeve fracture and disruption of the extensor mechanism were suspected, combined with ultrasound, CT, or MRI examination may be helpful for offering the potential to improve diagnostic confidence, make better decisions and reduce the frequency of clinical hazards. 
